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The polysaccharide capsule (CPS) of Campylobacter jejuni is the major serodeterminant of the Penner
serotyping scheme. There are 47 Penner serotypes of C. jejuni, 22 of which fall into complexes of related
serotypes. A multiplex PCR method for determination of capsule types of Campylobacter jejuni which is simpler
and more affordable than classical Penner typing was developed. Primers specific for each capsule type were
designed on the basis of a database of gene sequences from the variable capsule loci of 8 strains of major
serotypes sequenced in this study and 10 published sequences of other serotypes. DNA sequence analysis
revealed a mosaic nature of the capsule loci, suggesting reassortment of genes by horizontal transfer, and
demonstrated a high degree of conservation of genes within Penner complexes. The multiplex PCR can
distinguish 17 individual serotypes in two PCRs with sensitivities and specificities ranging from 90 to 100%

using 244 strains of known Penner type,

Campylobacter jejuni is onc of the major causes of human
bacterial diarrheal disease (29), with an estimated annual in-
cidence of 400 million worldwide. The disease is zoonotic, with
wild and domesticated poultry representing major reservoirs
(13, 47). The symptoms of campylobacteriosis can range from
a mild, watery diarrhea to dysentery, often with abdominal
pain and [ever (1). Moreover, there are several serious postin-
fectious complications associated with C. jejuni, including re-
active arthritis (38), Guillain-Barré syndrome (2), and irritable
bowel syndrome (35, 44).

The polysaccharide capsule (CPS) represents an interface
between the bacterium and the environment and contributes to
virulence. Noncapsulated mutants of C. jejuni were demon-
strated to have reduced abilities to invade INT407 cells in vitro
(6), to colonize chickens (5, 12), and to cause diarrheal disease
in ferrets (6). CPS also contributes to resistance to normal
human serum (6). The CPS is phase variable in expression,
presumably due to slip-strand mismatch repair in genes essen-
tial for CPS synthesis, a mechanism of variation that is com-
mon in C. jejuni (14, 31, 45). The ability to turn CPS expression
on and off suggests that there may be advantages to the patho-
gen o express this polysaccharide coat only at specilic times
during its life cycle. Importantly, a prototype CPS conjugate
vaccine against C. jejuni 81-176 provided 100% efficacy against
diarrheal disease in a nonhuman primate model, further im-
plicating this structure as both a virulence determinant and a
protective antigen (27).

The genes for CPS biosynthesis are located in one of the
more hypervariable regions of the C. jejuni genome. The high
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degree of variability of CPS genes is consistent with CPS being
the major serodeterminant of the Penner or heat-stable (HS)
serotyping scheme (19). However. in some serotypes lipooli-
gosaccharide (LOS) has been shown to play a role in Penner
scrospecificity (39). The Penner scheme is a passive slide hem-
agglutination assay that includes 47 C. jejuni serotypes (33, 34).
Twenty-two of the 47 serotypes fall into complexes of what
appear to be structurally related CPS types (39). Currently, the
DNA sequences of 10 C. jejuni hypervariable CPS loci (HSI,
HS19, HS23, HS36, HS23/36, HS41, HS2, HS6. HS4/13/64,
HS53) have been reported (9, 10, 18, 31, 32), and these loci
range in size from 15 to 34 kb. The genes in the variable CPS
loci include genes encoding sugar biosynthetic enzymes, pula-
tive glycosyl translerases, and genes of unknown function,
Genes involved in heptose biosynthesis are conserved in the
CPS loci of many strains. These genes include hddC, a putalive
heptose transferase; gmi42, a phosphohepiose isomerase;
hddA, a putative D-glycero-pD-manno-heptose 7-phosphate ki-
nase; and dmhA, a GDP-mannose 4,6-dehydratase responsible
for the conversion of heptose to deoxyheptose. The genes for
biosynthesis of O-methyl phosphoramidate (McOPN), an un-
usual modification on some C. jejuni capsules, were initially
identified and characterized in C. jejuni NCTC 11168 (23).
These highly conserved MeOPN biosynthesis genes have been
found in about 70% of the strains sequenced to date. Similarly,
McNally et al. identified two distinct MeOPN transferases in
NCTC 11168 responsible for addition of MeOPN to distinet
sugar moietics in the NCTC 11168 CPS (23). There is variabil-
ity in the predicted protein sequences of MeOPN transferases
among sequenced strains, consistent with attachment of
MeOPN 1o different sugars in different CPS structures. The
McOPN transferases also appear to undergo pbase variation in
expression, which contributes to the observed nonstoichiomet-
ric levels of MeOPN on CPS. Phase variations affecting capsule
structure appcear to modulate the Penner serotype within the
HS23/36 complex. HS23 and HS36 strains and strains that
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TABLE 1. Strains used in this study

Strain Pesner type Reference or source
ATCC 43429 HS1 (1ype) 34
ATCC 43430 HS2 (1ype) 34
NCTC 11168 HS2 K}
ATCC 43431 HS3 (type) 34
ATCC 43432 HS4 (type) 34
BH-01-0142 HS3/13/50 37
GC8486 HS4/13/64 36
ATCC 43433 HS5 (type) 34
81116 HS6 30
ATCC 43436 HS8 (1ype) 34
ATCC 43438 HSI10 (type) 34
ATCC 43441 HSI13 (type) 34
ATCC 43442 HS15 (type) 34
ATCC 43444 HSI17 (1ype) 34
ATCC 43446 HS19 (1ype) 34
ATCC 43448 HS22 (type) 34
81-176 HS23/36 20
ATCC 43478 HS28 (type) 34
ATCC 43460 HS41 (type) 34
ATCC 43461 HS$42 (type) 34
ATCC 43463 HS44 (type) 34
ATCC 43465 HS30 (type) M4
RM1221 HS53 25
ATCC 49302 HS64 (type) 34

serotype as both HS23 and HS36 (e.g., C. jejuni strain 81-176)
all express a capsule composed of repeating units of a-p-ga-
lactose, B-n-GleNAc, and p-glycero-n-altro-heptose or deoxy-
heptose variants with and without methyl groups (4). The dif-
ference in serotype (HS23, HS36, or HS23/36) is due to phase
variations in the genes encoding heptose synihesis and the
MeOPN transferase (4, 18).

The Penner scrotyping scheme was used extensively for ep-
idemiological studies for many years, but the complexitics and
expense of producing the antisera specific 1o 47 C. jejuni sero-
types have limited its usefulness. Other methods have largely
replaced Penner Lyping for general epidemiological studies,
such as multilocus sequence typing (MLST), pulsed-field gel
electrophoresis (PFGE), and ribotyping. Given the recent data
demonstrating that a CPS conjugate vaccine can protect
against C. jgjuni diarrhea in a primate model (27), we are
interested in evaluating the feasibility of a multivalent CPS
conjugate approach to prevent C. jejuni infections. Critical to
this end is the determination of the valency that would be
required for an cllective vaceine in areas of the world where C.
Jjejuni is endemic or hyperendemic. To address this, we have
developed a multiplex PCR method that can rapidly determine
CPS types. The primers were designed on the basis of pub-
lished CPS loci from 10 serotypes and another 8 serotypes that
were sequenced as part of this work. Here, we report the
sequences of the CPS loci of these 8 serotypes and describe a
multiplex PCR system that can accurately predict 17 major
CPS types of C. jejuni. We also provide new information on the
relationship of scrotypes within some additional Penner com-
plexes.

MATERIALS AND METHODS

Bacterial strains and growth conditions. The sirains used for sequence anal-
ysis and for development of the multiplex PCR arc shown in Table 1. Collections
of clinical isulates from Thailand and Egypt were used to validate the multiplex
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PCR. The Thai isolates were obtained from cases and asymptomatic controls in
an acute diarrhea study among foreign travelers at Bumrungrad Hospital, Bang-
kok. Thailand, during 2001 and 2002, as well as C. jejuni isolates collected from
U.S. soldiers with acute diarrhea and from asymptomatic controls during Oper-
ation Cobra Gold exercises at ditferent sites in Thailand from 1998 to 2003. The
Thai isolates were scrotyped by Helen Tabor at the Canadian Reference Lab in
Winnipeg, Manitoba, Canada. ‘The Egyptian isolates were from a longitudinal
village-based study of diarrhea in rural Egyptian children (41) and were sero-
typed by Eva Niclsen at the Danish Veterinary Laboratory, Copenhagen, Den-
mark. C. jejuni strains were routinely cultured at 37°C under microaerobic con-
ditions (5% O, 109 CO,, and 85% N.) on Mucller-Hinton (MH) agar plaies.

DNA purification. C. jejuni genomic DNA was extracted from 16-h cultures
following the method described by Sambrook et al. (43).

CPS sequencing strategies. Duc 1o the Jarge size of the CPS regions (15 10 35
kb), primers were designed in the highly conserved heptose genes hdd.4 (hddA-L.,
5'-GAAAGAGAAGATITAGGCATAGTAGG: hddA-R. S-TCCATGATTT
AACCCCCTCTT) and dmhA (AmhA-L. 3'-GGATTTACAGGGCAAGTTGG:
dmhA-R. 5'-TTCTTGTAACAAAAGTGCGAATG). If the strains to be se-
quenced produced a positive amplification with primers hddA-L/R and dmhA-
L/R. these penes were used as anchors for long-range PCR. In this case, primer
kpsC-R  (S"-GGATTTTCITTTATGGCATCTTTT) was used with primer
hddA-L and primer dmhA-R was used with primer kpsF-F (3'-AGTCGATGC
TGATGCTATGG). This two-stcp PCR increases the probability of amplitica-
tion by lowering the size of the PCR product. PCRs were performed using a
MasterAmp Extra-Long PCR kit from Epicentre or LongAnip Tag DNA poly-
merase from New England BioLabs, following the manufacturers’ protocols.
PCRs with primers kpsC-R/hddA-L were performed at an annealing tempera-
ture of 55°C for 40 s and dmhA-R/kpsF-F at an annealing temperature of 56°C
for 40 s, Both reactions were performed with a denaturing step at 94°C for 40 s
and amplification of 10 min a1 72°C for 25 cycles. PCR products were used to
construct a genomic library using the TOPO cloning system (Invitrogen), [ol-
lowing the manufacturer's protocol. Sequencing reactions were performed using
an ABI Prism BigDye Terminator cycle sequencing kit and were purified and
sequenced on an ABI Prism 3100 genetic analyzer (Applied Biosystems, Foster
City, CA). Scquences were assembled using Sequencher (version 4.8) software
(Gene Codes). Additional primers were designed 1o fill gaps or to correct po-
tential errors or low-qualily sequences, as needed. Artemis soliware (42) was
used 1o annotate the CPS locus.

PCR primer design. A database of 18 CPS loci was created (o identify unigue
regions of cach serotype, and PCR primers were designed using the online
software MuPlex MultiObjective multiplex PCR (40). Primers were designed
with the following parameters: length between 18 and 30 residues. 20 10 50% GC
content, and melting temperature ranging from 37 1o 63°C. Primer sequences
were further verified for absence of dimerization or hairpin formation using the
web-enabled AutoDimer interface (46). The primer sets were designed in two
mixes, alpha and beta. to produce amplicons that differ by at least 20 bp from the
other amplicons in the same mix.

Multipiex PCR. PCRs were performed using AmpliTag DNA polymerase FS
(Perkin-Elmer-Applied Biosystems) and a 2720 thermal cycler. Alpha and beta
mixes are used to obtain a final concentration of 3.25 ng/pl of each primer in the
PCR. All PCRs were performed using the following parameters: 94°C for 30 s,
36°C for 30 5. and 72°C for 45 s for a total of 29 cycles. The PCR products were
analyzed by gel electrophoresis on 15-cm-long 2% agarose gels in 0.5x TBE
(Tris-borate-EDTA) buffer at 175 V for 75 min. The sizes of the PCR products
and corresponding scrotype were determined by comparison with a 100-bp mo-
lecular size standard (New England BioLabs).

Nucleotide sequence accession numbers. The accession numbers for the CPS
sequences described in this paper are shown in Table 2.

RESULTS AND DISCUSSION

Selection of strains for additional CPS locus sequencing.
Strains were selected for CPS sequencing on the basis of lim-
ited information on serotypes common in the Armed Forcees
Research Institute of Medical Sciences (AFRIMS) collection.
This included 5 serotypes for which no CPS sequence infor-
mation existed: HS10, HS15, HS42, and the complex com-
posed of HS8 and HS17. We compared these sequences to
those of other CPS loci for the presence of conserved genes
(e.g., heptose. fucose, and MeOPN biosynthesis genes). We
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TABLE 2. Summary of sequenced C. jejuni CPS loci
Penner Sizc Gcnpank GC No. of MNc l;);;l Heptose Deoxvheptose Tﬁg;‘ crs structure
type (bp) accession no. (%) genes transferases Iransforases available

HS1 15,180 BX545859" 26.8 1 1 No No 3 22

HS2 34,180  ALI111168.1° 26.5 28 2 Yes No 8 18

HS3 26,371 HQ343268 27.3 23 1 Yes Yes 10 3

HS3/13/50 26,371 HQ343267 27.3 23 1 Yes Yes 10 Monteiro et al.
(unpublished)

HS4 22.836 HQ343269 28.0 18 2 Yes Yes 4 Monteiro et al.
(unpublished)

HS4/13/64 23,423 AASY01000000° 28.0 18 2 Yes Yes 4 9

HS6 26,729 NC_0098394 27.6 23 0 No No 8 28

HSS 22,063 HQ343270 27.1 18 0 Yes Yes 5 Monteiro et al.
(unpublished)

HS10 27,307 HQ343271 27.1 25 1 Yes Yes 4 Montciro et al.
(unpublished)

HS15 23,868 HQ343272 28.3 22 1 Yes Yes 5 Monteiro et al.
(unpublished)

HS17 22,064 HQ343273" 27.1 18 0 Yes Yes 5 Monteiro et al.
(unpublished)

HS19 16,727 BX545860" 26.1 13 1 No No 4 21

HS23 24,627 AY232625¢ 27.0 21 1 Yes Yes 7 4. 18

HS36 24.625 AY332624¢ 26.9 21 1 Yes Yes 7 4,18

HS23/36 24,625 BX545858 27.1 21 1 Yes Yes 7 4

HS41 34,118 BX545857 27.2 30 0 Yes Yes 2 16

HS42 23,268 HQ343274" 26.9 21 0 Yes Yes 7 Monteiro et al.
(unpublished)

HS53 18.272 CP000025.1¢ 27.0 1S 0 Yes Yes 7 11

“ Karlyshev et al.. 2005 (18).
® Parkhill et al., 2000 [RISN

¢ Poly et al.. 2007 (36).
 Pearson ct al., 2007 (32).
° Fouts et al., 2005 (10).

T 'T'his study.

also examined the sequence of the CPS loci of strains from two
major Penner complexes. HS3 and HS4. In this case we com-
pared the sequences of the type strains of HS3 and HS4 to
other published sequences from strains with mixed serotypes
within each complex in an atiempt to clarify the relationship
among strains within these complexes. The overall data are
summarized in Fig. 1 and Table 2. Actual open reading frames
(ORFs) for each stain sequenced are shown in Table S1 in the
supplemental material,

CPS loci of HS3 type strain and an HS3/13/50 strain. The
CPS loci of the HS3 type strain and an HS3/13/50 strain (BH-
01-142) are very similar. Most of the predicted proteins en-
coded by the genes in the CPS loci of HS3 and HS3/13/50 show
100% identity; only minimal amino acid variation (299.3%
idenlity) was seen in the predicied products of two genes (see
Table 81 in the supplemental material). In all previously se-
quenced CPS loci, all of the genes were found on the same
strand (the negative strand, based on the genome sequence of
NCTC 11168). However, three genes in HS3 and HS3/13/50,
HS3.18, HS3.19, and HS3.20, arc encoded on the other strand.
Both strains contain genes for MeOPN synthesis and a single
predicted McOPN transferase gene thal contains a homopoly-
meric tract capable of phase variation (Fig. |; see Table S1 in
the supplemental material). Both strains contain genes for
heptose and deoxyheptose synthesis.

The structure of the CPS of the HS3 type strain is a repeat-
ing disaccharide of Gal and Li-ido-Hep [Lb-ido-Hep-(1 —
4)-Gal-(1 — 3)],, (3). The structure of the CPS of the HS3/

13/50 strain is being determined (M. A. Monlteiro, personal
communication). but composition analyses have indicated that
this CPS is composed of Gal. 6-deoxy-ido-Hep (6d-ido-Hep),
and small amounts of Lb-ido-Hep (37). Moreover, *'P nuclear
magnetic resonance detected the presence of MeOPN on the
CPS of HS3/13/50 (37); MeOPN was not reported on the CPS
of the HS3 type strain, likely due to differences in techniques
used in this earlier study. Since the LOS cores of these two
strains are identical (3, 37), it is likely that the presence of
6d-ido-Hep in HS3/13/50 CPS is responsible for the mixed
scrotype.

Comparison of CPS loci of HS4 type strain and an HS4/
13/64 strain. The CPS locus of the HS4 type strain was very
similar to that of a strain that serotyped as HS4/13/64
(CG8486) (9) (Fig. 2A). In both strains, all genes except one,
HS$4.16, were encoded on the negative strand. The polysaccha-
ride structure of the CPS of the type strain of HS4 has not been
determined, but that of HS4/13/64 has been shown 1o be a
repeating disaccharide of 4-substituted N-acetyl-B-p-glucopy-
ranosamine and 3-substituted 6-deoxy-B-n-ido-heptopyranose,
with MeOPN attached to both the O-2 and O-7 positions of the
heptopyranose residue (9). AL the DNA level, both the HS4
type strain and HS4/13/64 have genes for heptose, deoxyhep-
tose, and MeOPN synthesis, as well as two putative MeOPN
transferase genes (Fig. 1; see Table S1 in the supplemental
material). The predicted proteins encoded by the CPS genes of
HS4/13/64 and the HS4 type strain show >92% identity, with
the exception of the wo putative MeOPN transferases. HS4.07
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TABLE 3. Multiplex PCR primers for determination of CPS type

Gene in which

. Product Penner wype N : g e
Mix . o primer was Forward sequence Reverse sequence
size (bp) recognized designed

Alpha
Mu_HS2 62 HS2 Gjl437c CAGCATTGGAGGATTTACAATATAT CATCCTAGCACAACTCACTTCA
Mu_HS3 149 HS3 HS3.17 GGTAAGGTTGATICTGGGTTTAAT AGATTAGGCCAAGCAATGATAA
Mu_HS4 370 HS4 A HS4.07 TATATTIGGTITAGGGATCCA CCTAACATATCATACACYACGGT
Mu_[S6 185 HS6 C8J_1331 CATACATTTGCTTTCAGATTCTTTAC ACACGCCTATTGTTGTTGTTC
Mu_HS10 229 HS10 HS10.08 TCTTATGCAGCACGCTGAT CAAATTCAATCGACTAGCCACT
Mu_HSI5C 325 HSL5 and HS31  HS15.12 ACAGGTAATAAAATGTGCGAGTTT ATGCATCTGCAACATCATCC
Mu_l1S41 270 HS41 HS41.22¢ CTTACATATGCTGGTAGAGATGATATG  TGCAATCTCTAAAGCCCAAG
Mu_HS53 251 HSS3 CIE1602 AGGCAAGCAGGAATTGTIT TTAATTGCTCTTTGGCAATCTT

Beta
Mu_HSID 607 HS1 complex F1S1.08 TTGGCGGTAAGTTTTTGAAGA GCAAGAGAAACATCTCGCCTA
Mu_HS17 342 HS8 and HS17 HS17.16 TTCACGTGGAGGATTATIGG TTGAACATTTCATGIGTATTCCCTA
Mu_8486 652 HS4 B (’j8486_1475 GTGGACATGGAACTGGGACT AAAACGTTTAAAGTCAGTGGAAA
Mu_HS23 16) HS23/36 QJsNT6_1435  GCTTGGGAGATGAATTTACCTTTA GCITFATATCTATCCAGTCCATTATCA
Mu_HS42E 44] HS42 HS42.14 ATGGTAAAACCGGCATTICA ATGUTTCAGTTCCACCCAAA
Mu_HS44 148 HS44 Not annotated ~ AGAAGATGCACTAGGCTCTAG GCTATCTAATTCCATCCCTG

theoretically be positive with both Mu_8486 and Mu_HS$4, and
two such clinical isolates were identified (see below). Since the
CPS loci of HS8 and HS17 are so similar (see above), a single
primer set was designed for this complex. Although CPS has
been shown not to be the serodeterminant of the HS6 serotype
(18). the CPS genc sequences in this strain do not match any of
the other published sequences, and a primer set was designed
for this CPS type as well. Primers were designed in regions that
were found to be unigue to each particular serotype (Table 3),
as described in Materials and Methods. Each primer set was
tested on the strain from which it was designed and the 23
strains shown in Table 1 to confirm specificity for these sero-
lypes. Primer sets were judged to be satisfactory if they pro-
duced the expected size PCR product on their Penner serotype
DNA template or related complexes and were negative for the
other tested serotypes. Data are shown in Table S2 in the
supplemental material.

Next the primer sets were grouped into two mixes on the
basis of the sizes of the products (Table 3). The alpha mix
contained primers that distinguish HS2, the HS3 complex,
HS6, HS10, HS15, HS41, HS53, and part of the HS4 complex
(HS4 and HSI13, termed HS4A). The beta mix contains prim-
ers that distinguish the HS1 complex (including HS1 and HS1/
44), the HS23/36 complex, the HS8 complex (HS8 and HS17),
HS42, HS44, and part of the HS4 complex (HS4/13/64 or
CG8486-like termed HS4B). Following amplification, the al-
pha and beta mix PCRs were run separately on a 2% agarose
gel in parallel with a 100-bp ladder to decipher the capsule
type. Amplicon sizes ranged from 62 bp for HS2 to 652 bp for
HS4B (Fig. 3). Expected sizes are listed in Table 3.

Validation of multiplex PCR. To validate the multiplex
PCR, the alpha and beta mixes were tested on 244 serotyped
strains from Thailand and Egypt. The results are summarized
in Table 4. These strains included 184 strains that typed as one
of the CPS types included in the multiplex, 37 strains that typed
as serotypes that were not included in the multiplex, and 23
strains that were not typeable in the Penner scheme.

Overall, the multiplex method had a specificity and accuracy
of >97% and a sensitivity of >90% for the 184 strains that
serotyped as 1 of the 17 serotypes covered in the multiplex
(Table 4). The method detected 100% of strains of HS2 (30/

30), HS8/17 (10/10), HS15 (19/19), HS23/36 (13/13), HS41
(2/2), HS53 (16/16), and HS6 (1/1). There were two false-
negative results with each of the HS1/44 primers (2/25), the
HS3 complex primers (2/26), and the HS4 complex primers
(2/20). The HS10 primers resulted in one false-negative result
(1/14) and two falsc-positive results (one HS1/44 and onc
HS44 serotype). The HS6 primers picked up five strains, two of
which belonged to the HS3 complex, and the HS15 primers
picked up 6 false-positive results, all of which were HS31 (see
below).

There were 37 strains tested that belonged to 15 serotypes
not included in the multiplex. A total of 27 of these 37 strains
were negative wilh the multiplex primers, but 6 HS$31 strains
reacted with the HS15 primers, as discussed above. This might
suggest that HS31 and HS15 share some genes and that prim-
ers may need 1o be redesigned Lo distinguish these serotypes.
There were also individual strains that typed as HS32, HS3S.
and HS59 that reacted with the HS6 primers. and one HS37
strain reacted with the HS3 primers. Again. HS32, HS33,
HS37, and HSSY strains have not been characterized, and the
signiticance of these results will require additional investiga-
tion. Of the 23 strains that were untypeable in the Penner
scheme, 8 reacted with the HS6 primers, 2 reacted with the
HSIS primers, and 1 each reacted with the HS2 and HS10
primers. Thesc data suggest that some strains are untypeablc in
the Penner scheme because the phase-variable CPS was not
being expressed in the colonies selected for serology.

Conclusions. The potential of a CPS conjugate vaccine
against this pathogen offers a novel solution to the problem of
C. jejuni-induced diarrhea for travelers and residents of areas
where it is endemic, but determination of major CPS types in
areas of endemicily is critical 10 development of such a vaccine.
Classical Penner serotyping is based primarily on CPS, al-
though other structures (e.g., LOS) have been shown to confer
serospecificity in some cases (18, 39). Penner typing is time and
labor-intensive and is currently performed in only a few labs
worldwide. The availability of a multiplex PCR method to
determine CPS type overcomes many of the complexities of
the Penner scheme, and the method also does not require that
the phase-variable CPS be expressed at the time of testing. In
this study, we demonstrated the possibility of specifically rec-
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complex are highly related and that the differences among
some scrotypes are due to phase variation of a limited number
of genes. This is consistent with older data that showed sero-
type variations within Penner complexes (7, 24, 26, 39).

The multiplex system, in conjunction with structural analyses
of additional CPS polysaccharides, will help refine our under-
standing of the relationship of strains within the Penner
scheme and help define strains that may be immunologically
cross-reactive. In another mucosal pathogen for which CPS is
a protective antigen, Streptococcus pneumoniae, some CPS
structures are associated with more severe disease (8, 15). The
ability to rapidly determine CPS type may also help determine
if specific C. jejuni CPS structures are also associated with
more severe disease.
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